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1.0 INTRCDUCTIGON

1.1 Ty»pe of Experiment

1.1.1 Purpose and Accomplishments

The irradiation tests for the NERVA program will
involve the use of the horizontal through tube (HT-1) at
Plum Brook. To simulate the NERVA enviromment, facilities
will be required to permit testing of irradiated test
samples at cryogenic temperatures. This will be accomplished
by placing test samples in an enclosed capsule and inserting
this capsule into the horizontai through tube. Remotely
operated handling devices will be installed in the quadrant "C"
portion of the reactor. The capsule will be maintained -t
the desired temperature by means of a cryogenic loop.

1.1.2 location

The experiments are to be conducted av™tne Naoa ..um
Brook Reactor Facility, Sandusky, Ohio. The HT-1 test hole
located in quadrant "C" will be used for the experimert.

1.1.3 FElement Cooling

The test element will be cooled by the circulation of
gaseous helium at the desired mass flow rate in a closed loop.

1.2 FExperiment Objectives

The objective of the test is to study the performance and
behavior of materials and components at gas flow, heat flux, neutron
flux and temperature conditions of the NERVA program application. The
loop will be designed to supplg helium to the test sample in the
capsule at a temperature of 50"R. This gas will be capable of absorbing
heat within the capsule at a rate of 20 KW at the 50°R temperature.

1.3 Test Sample

Test samples to be subjected to irradiation will consist of the
items listed in Table I. Envirommental conditions for the tests
include crycgenic temperatures from 38°R to ambjent and integratig
thermal and fast neutron fluxes up to 1.1 x 10™nvt afs 5.4 x 10 lrzwt,
respectiIely. An integrated gamma dose up to 5 x 10-“R (4.4 x 10
ergs gm™ {C)) will be experienced in some tests with up to 50 hours of
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irradiavion time required. It should be noted that th~
tests listed include only these at low temperalures. o
Fueledsatiples and higher temperature range tests will
fequire different capsule designs.

1.4 Loop Flow Diagram

System piping and ccmponents for the cryogenic loop
are shown in Figure 2. It should be noted that the specifin
temperatures, pressures and flow rates shown on the schematic
répresent approximate conditions expected under normal
conditions. It is conceivable that samples producing less
than 20 KW could be tested at lower témperatures than 50°R.

1.5 Ytility Requirements

The utility requirements for the t :sting program are
listed in Tables IL and 11T,

1.6 Capsule Handling and Checkout, P*acedure

After a test sample has been 1nsta11ed in the capsule
and the assembly is complete, il: I-ilowing procedure will '
apply: : ' ' -

a) Make continuity tests of all capsule instrumentation
and power lezGs from the experiment conu.sot room patch

panel to irsure good connections and proﬁ.‘ orlentation

of sensing devices,

b) Pressurize t .. capsule pressure enveloﬁe'mlmu helium Ly
cracking open the capsule helium supply i - . lation valve

on the helium recirculating system. VWr . .ue capsule

reaches normai operating pressure, clc:: ©'ie helium supply
valve; and monitor the local pressurc~ -::2 for pressure

drop.

c) Start capsule vacuum pump, and coraence pulling vacuum
on the capsule vacuum jacket. If cperating vacuum
pressure cannot be attained, a heiium-to vacuum leak

can be assumed; and the capaule end plug will have to be .

removed for inspection.

d) Insertion console operator insures proper phone
communications with hot cave operator.
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Hot cave overator closes quadrant wall tube
door, insures that the tube drain is shut ana
relieves presswre from inflatable seal,

Reledse "in" position lock on quadrant wall
inseértion tray oy means of "lock release"
pushbiibton on vapor container control censols..

Withdraw capsule from quadrant wall tube by
:neans of the quadrant will insertion tray

"in-out" swiltch on vapor container control
console. Hot cave operator checks quadrant

h)

1)

b))
k)

1)

n)

o)

p)

wall tube door for leaks,

When capsulle reaches full "out" position, close
quadrant wall tube walve marually from O ft.

level above quadramt,

Swing polar crane imto pusition, and secure pickup
device to the capsule -middle section".

Release quadrant wall insertion tray clamp from

the capsule "middle secticn'.

Pick up capsule from quadrant wall insertion

tray, and transfer it to the HT-1 insertion tray.

When the capsule is in proper position on tue !!T-l.

slide drive, secure its clamp Lo the capsule
"middle section" and remove the pickup device.

Complete capsule cocldown and final chockc . of

instrumertation.

Vapor container control console operator insures
proper communications with the experiment control

room,

Insert the capsule into the HT-l,inflatvaﬁle secl
by means of the HT-1 tray "in-out" switca on the

vapor container control console urvil pooit.ion
lock 1 engages., .

Inflats the inflatable seal tv inssrtion pressure,
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u)
v)

w)

x)

y)

z)

aa)

bb)

ce)

Open: HT-1 motor operated gate valve by means of
the "open" pushbutton on the vapor container
control eonsole.

¥hen permission is received from the experiment
control roem to "insert capsule", release position
lock 1 by means of "lock release'" pushtutton on
vapor confainer control console.

Insert the capstle to full "in" position by means
of the HT-1 tray "in-out" switch on the vapor
eontainer control consolz, and insure that position
Jock 2 is engaged.

Engage the clamp ont the Hi-1l and capsule flanges by
means bf the "engagé" prshbutton on the vapor con-
talher control console.

Inflate tie inflatable seal to operating pressure.

Notify the experiment control room thet the capsule
is fuliy inserted and secured.

Shift "capsule withdrawal contrci" to the experiment
control room,

Wher sample irradiation is vomplete, insure proper
vhone communications among all stations.

Shift "capen'es withdrawal control" to the vapor
container control console.

Recuce inflatable seal pressure to withdrawal pressure.
Disengages the clamp irom capsule and HT-1 flanges
by means of the "disengage" pushbutton on the vapor

container control console,

Obtain permission from the experiment control room
to "withdraw capsule".

Release position lock 2 by means of "lock release"
pushbutton on the vapor container control console,
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dd) Withdraw capsule by means of the HT-1 iray
"in-out" switch on the vapor container control
console,

ff) Relieve pressure from HT-1 inflatable seal.

£g) Release position lock 1 by means of "lock
release™ pushbutton on the vapor container
consocle.

hh}  Withdraw eapstle to the full "out" position
by means of the HT-1 tray "in-out" switch on
the vapor comtainer control console. Commence
cay sule warmup from the experiment control
room with the cryogenic system,

ii) Swing polar crane into position, and secure the
pickup device to the capsule "middle sectionr".

j3) Release HT-1 insertion tray clamp from the
cavsule "middle section'.

kk) Pick up the capsule from the HT-1 tray, and
transfer it to the quadrant wall insertion tray.

11) When the capsule ic in proper position on the
quadrant wall tray, secure its drive slide clamp
to the capsule "middle section" and remove the
pickup device.

mm) Secure proper communication with the hot cave
operator.

nn) Manually open the guadrant wall tube gage valve
from the O ft. level above the quadrant.

00) Hot cave operator checks quadrant wall tube door
for leoks.

pp) Insert the rear end of the capsule into the quadrant
wall tube to the full "in" position, and insure that
the full "in" position lock is engaged.
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aq)

rr)

ss)

tt)

uu)

wv)

Inflate the quadrant wall tube inflatable
seal.

Vapor container console operator directs

hot cave operator to drain the quadrant wall
tube and observe whether the inflatable seal
is sealing properly.

Direct hot cave cperator to open the quadrant
wall tube door.

When the capsule warmup is <omplete, manually
valve the cryogenic system to recirculate
conditions; and isolate the capsule under
direction of the experiment control room.

Bleed helium pressure from the capsule with
bleed valve in basement area.

Secure capsule vacuum pump and break vacuum.
The capsule is now ready for disassembly and
saniple removal,
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2,0 DESCRIPTION OF EQUIPMENT AND FACILITIES

To perform the tests in the horizontal through tube, various modifica-
tions and additions to the existing facilities are required. These additions
and modifications are shown in Figure 1.

2.1 Capsule

A capsule will house the test samples. This inpile capsule
is a cylindrical aluminum tube having a varied diameter. For
descriptive purposes, three sections of the capsule are considered.
The "front sectirn”, which will be inserted into the horizontal
through tube (HT-1) for irradiation, will be approximately 8 1/2" in
outside diameter and 9' 8" in length. This section is connected by
means of a flange to a "middle section". The "middle section" will
be approximately 11 1/2" in diameter and 3' in iength. A "rear
section”, which will be inserted into the quadrant wall through tube
for specimen removal, will be approximately 11 1/2" in diameter and
5¢ in length. )

2.1.1 Front Section

The "front section" shown in Figwes L, 5, and 6 will
house the test samples. It will be & c¢ylindrical. shell with one
erndi closed with a hemispherical heea and the other end opened
to the "middle section". The "front section” contains a helium
supply pipe, helium return pipe and sample container. The outer
shell of the "front section" terminates at the start- of the
"middle section" by means of a flange. Helium piping will b~
installed concentrically within the outer shell and will bve -~
continuous 1o the "middle section". The helium supply pipe wili
be constructed in sections which can be disconnected at various
points for removal to provide access to the test samples. In
effect, the helium inlet pipe may be considered as a pull rod
for the sample container. The helium return line will house
the specimen supply pipe and will be sealed at the fromt end
with a welded hcuispherical head so that a vacuum can be pulled
between it and the outer shell. Since a portion of the helium
piping in this ssction will be exposed to high gamma heating,
the piping will be designed for minimum mass consistent with
pressure code requiremsants.

a) Materials

1) Drawn aluminum tube 6061-T6 will be used for
the cut-er shell and the supply and return piping.




b) Design

1) The ouber shell of the "front section" will be
desigomed with cansideration given to the 160 psia
primary caslamnt water in the through tube, the
forces duve to capsule insertion, interior ferces
resulting firom piping failure and normal handling
stresses.

2)  The helium piping will be designed with consideration
given to forces due to specimen insertion, stresses
due to the extreme temperature gradients and the
115 psia internal loop pressure.

3) A1l portions of the capsule directly affected by
pressure are desigued in socordance with the ASME
Unfired Fressure Vessel Code, Section VIII.

2.1.2 Middle Secticn

This secticn {shown in Figure 7) will consist of an
outer shell, helium inlet pipe connections, helium return pipe
connections, a helium supply pape continuous from tihe "front
section" and a helium return pipe. Also, this secticn will
contain a penetration for the capsule and specimen instrumentation
lines. All instrumentation liii.es and piping will enter the
capsule at this "middle section". The variation in diameter
between the "middle section" and "front section' is accomplished
by means of a flange. There will aliso be a flange on the opposite
end of the "middle section" which separates the midd.e and rear
sections.

a) Materials

The cuter shell, flanges, inner piping and all connectors
in the "middle section" will be constructed of AISI type
300 series stainless steel tubing.

b) Design

1) The outer shell will be designed with consideration
given to the forces resulting from the insertion
device and other handling stresses (see insertion
mechanisms discussion).




2) The flange separating the "middle section" from the
"front section’ will be designed to resist the primary
coolant water pressure, which wiil result if the
inflatahle seal mechanism fails (cee HT-1 seal mechaniss
discussion), The flangc, which separates the “middie -
secticon f{rom the "rear section”, will be designed to
resist the quadrant water pressure occurring at the
time of specimen removal (see quadrant wall through tube
seal mechanism discussion).

3) Inner piping of the ¥niddle sectior'will be designed to
resist temperature gradient stress and cryogenic loop
pressures.

2,1.3 Rear Section

The "rear section" will consist of an outer shell, inner
sample removal shell and a removable plug. The outer shell
will, in effect, be continuous from the "middle section" with
the "middle section" flange marking the transition. The inner
sample remcval shell will be installed concentrically within
the outer shell. Between the outer shell and the inner shell,
permanent wiring will be installed for capsule and sample
instrumentation. This wiring enters the capsule through the
"middle section" and continues to the back plate of the "rear
section". Electrical jumper connectors are installed on the
end plate. The end plug will be placed in the inner shell and
will consist of shielding material (streaming barrier),
electrical leads and secondary helium seal. This plug will
extend from the end of the "rear section" to the "middle section"
at the helium inlet line connection point. At this point, a
seal will prevent leakage of helium to the vacuum gap.

a) Materials

The outer shell, inner shell and end plug will be constructed
of AISI type 300 stainless steel.

b) Design

1) The outer shell will be designed to resist forces due
to imserticn and normal handling stresses.

2) The inner shell will be designed to resist forces -
resultant from specimen and end plug insertion. ‘
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3} The end plug will be designed to provide a barrier
for neutron: streaming and to resist internal pressure,

2.2 Capsule Insertion Equipment

So that experiments can te inserted into horizontal thirc—gh
tube HT-2 as well as HT-1l, the insertion equipment for HT-2 will
be designed and installed with the equipment for HT-1. For capsule
insertion and removal, there will be three capsule insertion trays
used in conjunction with the existing PBRF vapor container overhead
polar crane. One tray will service HT-1, one HT-2 and a third the
quadrant wall 12-inch tube. These loading trays ar< illustrated in
Figure 1.

The reactor through tube inssrtioun iLrays will be
essentially ideniical except that the tray for HT-1 will
accommodate an 8 1/2" capsule while ‘he tray for HT-2 will
accommodate an 11 1/2" capsule. The major components will
be constructed of stainless steel, Each unit will consist
of a drive slide rail supported by a framework of welded
pipe. Feet welded to the bottom of the framework will be
bolted to baseplates secured to the quadrant {loor. The
drive slide rail will house the lower section of a drive
slide and guide it by means of machined ways. The end of
the rail will not be secured to the end of the through tube;
hence, the resultant forces of capsule insertion and
withdrawal will be transmitted to the quadrant floor. The
upper section of the drive slide will clamp onto the center
section of the capsule assembly and transmit the insertion
and withdrawal forces of the drive slide to the capsule.

The drive slide will be driven by a worm shaft running
through the drive slide and supported on the through tube
end of the loading tray by a bearing. The opposite end of
the drive shaft¢ will be driven by a constant speed AC eleciric
motor and reduction gear secured to the slide drive rail and
tray framework. [he design speed of the drive assembly will
be consistent with requirements for sale capsule insertion and
withdrawal. Provisicn is made for manual operation of the
drive mechanism for capsule withdrawal in t!e event of power
failure to the drive motor.

Electrical interlocks operating in conjunction with
mechanical stops on the trays will prevent the capsule from
passing certain critical positions during insertion or withdrawal
until the interlocks are defeated and the stops released.




Torque switches will prevent overloading the electric
drive motor, damage to the capsule or through tube valve
or seal.

The quadrant wall tube insertion tray will be
constructed and will operate similarly to the through
tube insertion trays and will have the ability to handle
either a front or rear loading capsule with minor modifica-
tion. It will be hinged at the quadrant. wall tube so that
it can swing back against the outer quadrant wall during
reactor shutdown to allow space for PBRF fuel cart transit
in the quadrant. The capsule will be lifted by means of
a device which will attach to the capsule "midcle section®’
and the overhead crane. The capsule will be transferred
from one tray to another in this manner during operation
and provide for capsule handling during system installation
and maintenance.

An aluminum console containing the insertion equipment
local controls and instrumentation will be located on the
northwest side of quadrant "C" on the O ft. level near the
overhcad crane controls. This console will be on wheels so
that it can be moved to the edge of quadrant "C" to afford
the operator a view of the underwater operations.

2.3 Hot Cave

To remove the sample from the capsule, a hot cave will be
required. The sample removal hot cave shown in Figure 1 will be
located in area 17 outside and adjacent to the quadrant "C" wall.

It will be of a semi-permanemt type construction which will consist
of a 1/2" thick welded u.eel enclosure with a rcof which will mate
with the quadrant wall, area 17 floor, and area 17 outer wall. These
joints will be sealed to provide a gas tight enclosure around ‘2
two 12" quadrant wall tubes. The entire unit will be securecd *o the
walls to hold the cave in place 2gainst a small internal helium
pressure. The steel box will be surrounded with stackable 8" thick,
interlockis., high density concrete blocks. Shielding will be designed
to maintaln winimum personnel exposure never exceeding FBRF maximum
allowable lcvels. All hot cave penetrations except.the two 12%
quadrant wall tubes will be welded to the steel enclosure to provide
support of penetrating equipment and insure gas tight Joints.

The cave will contain a permanent radiation monitoring device
with an indicator at the hot cave and an indicator and recorder in
the experiment cortrol room. Radiation monitoring will be supple-
mented by portable equipment uszd during hot cave operation.




The helium inerting system,to avoid ccntamination of the
cryoge..ic system,will consist of a tap off the ecryogenic system
supplying the hot cave via tubing and a pressure regulator. The
system includes a water filled manometer device which will provide
hot cave pressure indication as well as pressure relief capabilities.,

A standard liquid zinc bromide window will be installed in
the front wall of the hot cave above the capsule centerline which
will provide perscnnel radiation protection and a suitable view of
the capsule rear end and remote handling equipment.

Remote handling tools will penetrate the hot cave wall through
an indexing drum device which can be manipulated to bring the tool
to be used into position. The indexing drum will be located on the
capsule centerline below the window.

A drain and collection system will route and contain quadrant
water drained from the quadrant wall tube during capsule insertions
and any leakage of quadrant water into the hot cave through the seal.
The container will have a level indicating device and will be
constructed so that it may be handled as contaminated waste should
conditions warrant.

A phone s, :ztem will be instalied near the hot cave so that
communications may be maintained with the experiment control room
and the insertion control station during hot cave operation.

2.4 Horigontal Through Tube (HT-1) Sealing System

The quadrant "A" end of HT-1 will be sealed to prevent primary
coolant leakage into quadrant "A". The quadrant "C" end of Hr-1
will contain a valve, an inflatable seal, a flange, a primary
coolant connecting line and wear strips.

2.4.1 Gate Valve

A gate valve will be installei on the through tube to
insure against primary coolant water flow from the through tube
to the quadrant. This valve will be resiotely operated and will

be closed except during periods of capsule insertion.and irradiation.

2.4L,2 Inflatable Seal

On the quadrant "C" side of the gate valve, an inflatable

seal will be installed. To insert the capsule into the through
tube, the gate valve must be opened. To insure against primary




coolant flow into the gquadrant, the inflatabl s seal will

be secured on the capsule before the valve is opened. When
the valve is open, the remotely operated inflatable seal
will be the primary seal between the through water and
quadrant "C" water.

2.4.3 Backup Seal

The backup seal will Te a gasketed flanged joint.
The through tube flange will mate with the capsule flange
at the fully inserted position and will act as a backup for
the inflatable seal.

2.L4.4 Coolant Water Connecting Line

A conneciing line will be installed to provide adequate
cooling water for the capsule shell when the capsule is in
tiie through tube. Th's line will include remotely operated
valves which will control cuoling water input into the tube
and insure against uncontrolled coolant discharge into the
quadrant,, This line will provide coolant flow in the through
tube past the capsule from front to rear toward quadrant "C".

2.4.5 Vear Strips

Removable wear strips will be installed in the through
tube from tiiec quadrant, "C" end of the tube to the approximate
centerline of the core. These strips will insure proper
rositioning of the capsule and vrevent any displacement of the
capsule while in the Uhrough tube. Also these strips will
protect the through tube from damage or wear acsociated with
insertion and removal,

Sample Handling Description

2.5.1 Hot Cave Preparation

Subsequent to irradiation of a test zample, the "rear"
section" of the capsule will be inserted into the quadrant
wall tube (shown in Figure 1), secured, scaled, depressurized
and warmed up. Prior to receiving the capsule, the hot cave
(shown in Figure 1) will have heen set up with a new sample,
necessary replacement parts and will have been inerted to insure
a substantial helium atmosphere to prevent contamination of the N
cryogenic system.
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2.6

2.5.2 Capsule Sample Replacement

The hot cave remote tool indexing drum will be
positioned, and the capsule end electrical jumpers will
be remcved and sccured to a stowage rack within the cave.
The indexing drum will be repositioned, and the end plug
will be removed and transferred to its stowage rack. As
the sample is withdrawn, the sections of the sample pull
rod will be disconnected and transferred to the stowage
rack in the hot cave. The last section with the sample
attached will be withdrawn from the capsule and set into
the water tight sample transfer container with its electrical
and instrumentation leads. The container cover will be
installed, and it will be transferred back into the quadrant
through the adjacent 12" tube for subsequent transfer to
the PSRF hot cells for examination and testing,

The sample transfer container with a new sample will be
swung into position, and its cover will be removed. The
sample, with new :lectrical and instrumentation leads attached,
will be withdrawn from the container and inserted into the
capsule. The sample will be pushed into the caps ‘le with
its wires trailing as pull rcd sections are connected.

Finally, the end plug will be attached to the pull rod; and
the entire unit will be inserted to its firal position and
the end plug secured.

The electrical and instrumentation lead jumpers will be
installed.

After electrical and instrumentation lead checkout, pressure
and vacuum testing, the capsule will be withdrawn from the
quadrant wall tabe and cooldown will be started.

Quadrant Wall Tube Sealing System

Two tubes existing in the quadrant "C" wall will be used for

sample removal and transfer. One tube will bc used for capsule
insertion to the hot cave. This tube will contain a valve and flange
on the quadrant, side and a swing door on the hot cave side. The
second tube will be used for sample transfer from the hot cave back
to the quadrant water. This tube will contain a similar swing door
on the hot cave side and valve on the quadrant side.

2.6.1 Sample Removal Tube

a) Flange ~ On the quadrant side a gasketed flange
will be installed on the existing tube. This




b)

(£)
S

flange will be forced against the capsule flangu
upon capsule insertion to the hot cave; and during
sample remcval, it will be the primary seal bstween
the quadrant and hot cave.

Valve - i remotely operated valve will be instalied
between the flange and the wall on the tube. This
valve will be closed providing the primary seal
batween the hot cave and quadrant except during periods
of capsule insertion and sample removal.

Swing Door — A water tight hinged closure will be
installed on the hot cave side of the tute. This door
will be closed until the flange cornection is made
between the tube flange and capsule flange. The tube
will then be drained of water, and the door will be
unlocked and opened for sample removal. After sample
removal, the procedure will be reversed and the swing
door locked. This door will now provide a backup
for the valve on the quadrant side. Interlocks w'll
be installed on the swing door an” “lange connecticn
to insure a proper seal before opening the door and
to guarantee that quadrant water will not be drained
int » the hot cave.

Specimen Transfer 1ube

Swing Door (1) - On the hot cave side of the tube, a
water tight hinged closure will be installed similar
to the sample removal tube door. This door wil . be
opened so that tre sample transfer container can be
inserted intc the tube. The dcor will then be locked
in place.

On the quadrant side of the through tube, » remotely
operated valve will be installed. After the swing door
is secured, this valve will be opened so that the
sample transfer container can be moved into quadrant "C"
from the tube., This valve is the primary seal between
the quadrant "C" water and the hot cave. The swing
door on the hot cave side will be a backup seal, and
both closures will be designed to resist the guadrant
water pressure., s
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.7 Environmental Control Systems

The two primary variables to be controlled in the loop are
mass Ilow rate and capsule inlet temperature. The flow paths through
the capsule are shown in Figure 8. Compressor inlet pressure,
secondary flows and expander load will be manipulated within design
limits to achieve the desired mass flow rate. Secondary flows and
expander load will be varied to control capsule inlet temperature.
In addition, it may be convenient to throttle the return leg of
vhe primary coolant in order to regulate coolant velocities in the
capsules. It may alsc be convenient to throttle a bypass coolant
flow for fine control of the mass flow rate.

a0
~3

The sysiem cooling will be initiated with the capsule
outsiae the reactor. The compressor startup bypass will be
openad to minimize starting load on the compressor. The’
compressor house layout is shown in Figure 10. During steady-
state operation, the automatic flow control will be Irom the
regulator valves on the gas storage bottles and the relaef
valve on the compressor inlet and possibly a bypass throttling
valve. The automatic temperature control at the capsule inlat
will be accomplished by controlling the load on the expander,
probatly by varying the field on a generat.r which is driven
by the expanier and which dumps energy into a fixed load bank.

2.7.2 Awdliary Eguipment

Auwxiliary equipment for the loop is of two types:
loop support equipment and capsule handling equipment. Loop
support equipment includes vacuum equirment, liquid nitrogen
equipment, cooling water equipment, hel'um storage bottles
and the load bank. The capsule handling equipment includes
equipment in the loading cave and underwater handling equip-
merit in the quadrant. The auxiliary equipment is operated
manually or by remote controls. Indications are sent from the
equipment to the loop control panel or the capsule handling

panel.

The speed of capsule insertion into the reactor is
inherently limited by the insertion motor which cannot exceed
synchronous speed at power line frequency. The speed of
withdrawal is similarly limited. Insertion and withdrawal can
be controlled locally in the reactor building at the capsule

- handling panel: withdrawal can also be initiated via the loop
control panel.

16



2.7.3" Ihstrumentation

The instrumentation will consist! ofi::
a) loop temperature, pressure arnd’flow'indicators and ' recorders, .
b) capsule temperature recorders,
¢) vacuum jacket pressure, coolant 1low, expender load;
valve position and compressor voltage and current
indicators,
d) low flow, loss of vacuum, high capsule outlet tempera-
ture, high compressor inlet or outliet pressure, high
filter AP, high capsuls &4P, low He bottle weight and
low liquid nitrogen level alarms.

The contrcllers are as previously described.

2.7.4 Experiment-~Reactor Interlocks

Alarms will be provided to notify reactor operators
of locp trouble, and preparations will be made for withdrawal -
of the inpile section. Procedural restrictions will prohikit
manipulation of the inpile section during planned chgpgéé in
reactor power, but no automatic interlocks are plaried.

~

—

g
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$.0 Hazards Evaluation

3.1 Frhilosoghw of Operation

—t

t is intended that the design of the capsule insertion and
removal system will be such that a single experiment operator can easily
and rapidly carry oul an emergency wilhdrawal of the capsule to protect

the reactor both from demage, and from unnecessary shutdown in situations
where an experiment parameter is appruaching an excessive value. This type
of removal would te carried out only with the appropriate approval and
assistance of the reac.or operating crew.

- While it icr hoped thel the removal capability described above will
ziake it possible to handle experiment problems without requiring a reactor
shutdovm, tne possibilily alwaeys exists thal an abnormal condition may
develop too rapidly to cope with in this manner. Therefore, certain
experiment concitions should cause an automatic reactor shutdown. A tentative
list of these is given telow:

Helium Flow-Low

Helium Temperature-~High
Helium Pressure-Low
Experiment Power Failure
Througnh Tube Coolant Flow-Low
Secondary Coolant Flow-Low

W

N
2l

Svecillic Postulated Accident

vl

3.2.1 jaximum Credible Accident

The investigations of possible accidents so far parformed
have not reculted in determining any situation which is clearly the maximum
credible accident. However, it appears that the maximum effect the experiment
could have on the reactor is through its influence on reactivity, which is
discussed below,

Prior to the initiation of any of the NERVA irradiation tests
conducted in HT-1, reactivity worth tests will be run on the actual capsule
{or a mockup of same) in the PBRF critical facility. 411 pressure, temperature
and flow ranges corresponding to normal operating limits will be used in
conjunction with a representative sample. In addition, a reactivity test
will be accomplished prior to the initiation of any individual run if
ca.culations indicate that the specific sample might have a greater reactivity

ffect than the representative sample.




e

a. Capsule Insertion and Withdrawal Rates

The capsule will be inserted into and removed from HT-1 at
the same speed. The speed will be the same for all tests indicaved
in Section 2 of this report. The insertion speed finally selected
will ke based on measured control rod and predicted capsule worthe
with appropriate leeway retained for reasonably absorptive samples.
However, capsule drive mctors may be changed if sxperim .nts not
currently listed are found to have exceptionally large reactivity
effects, or if predicted reactivity values are found to be incorrect.
The speed sslected is one foot/min. This is based ony a total
inserted reactivi*y change of 1%34&k/k; 0.1% Ak/inch; and a minimum
controlied & k reverse rate of 1.2% & k/min.

b, Accidental Capsule Ejection

A 1% change in reactivity occurring upon accidental
ejection of the capsule from HT-1 can be ccntrolled. The mdnimum
reactivity insertion time for which control of a 1% &k change can be
maintained is approximately 0.15 sec.*

The nominal 50 gpm cooling water flow rate in HT-1 could
sustain a capsule ejection velocity of only 0.283 ft/sec. Hence, in
excess of 7 sec. would be required for the insertion of 1% »~ k/k if
all the flow were effective in moving the capsule.

An orifice plate or tube in the water inlet l1ins and a
check valve in the outlet line will assure that the maximm flow of

water to HT-1 will be limited t¢ a safe value with respect to capsule
ejection valooity.

HRF Final Hazards Summary, Part III, Figure I 27, P. 191
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32,2.2 Ldss cf-Helium Flow

A loss of cooling flow to the sample and capsule
internal pressure containing wall (helium envelope) will
not result in an unsafe condition for the sample, capsule
or reactor. However, to preserve the integrity of the
pressure containing helium envelope, the reacior power
should be reduced upon a loss of flow.

An undesired loss of flow could result from a
compressor or expander outage or an inadvertemt closing of
eithsr of the capsule isolaticu valves. Reactor power
reduction will be initiated by signals from the following
sensors: compressor power, expander load, capsule
differential pressure.

As a resuit of loss of flow but wath contirued gamma
heating of the sample, sample shroud, and helium envelope,
all meial temperatures would rise. Some heat would be
transferred to the stagnanl helium by natural convaction,
but heat could not be transferred to the (outer) water-
cooled capsule wall because of the vacuum gap between that
wall and the helium envelope. Heat transferred to the
stagnant helium would raise its temperature and pressure.
However, the capsule safety valve would protect against
pressurizing the helium envelope above the 130 psia design
pressure,

Analysis of the incident is based on the follswing
assumptions: all heat generated in the heliun pressure
containing wall goes to increasing the wall temperature;
full power heat generation continues for one full second
after the cessation of flow and thereafter decreases to
2% during 1.16 seconds; initial average wall tempsrature is
100°F. Full power heat generation is assumed to follow a
cosine distribution with a maximum of 12 w/gm at the core
centerline.

Resuits of the analysis indicate that the maximum wall
temperature reached under thLese corditions will not be
suriicisiit to canse failure of the helium envelope wall due
to the reduced strength at the elevated temperature.



3.2.3 Experiment Power Failure

This will result in complete loss cf coolant
circulation. Even if the outage is 2 local one affecting
only loop circuits, the reactor will be shutdown by a
shutdown signal from the experiment. The situation then
becomes that analyzed under loss of cociant flow. It is
plinned te supply emergency power to the capsule insertion
and withdrawal system, and to certain critical measuring
and control devices.

3.2.k loss of Secondary Coclant Flow

This will require a rapid (and probably automatic)
shutdown of the helium compressors, which causes the "Loss
of System Coolant Flow" previously discussed.

3.2.5. Handling Accident

The materials and components te be tested in the
initial phase of operation of this experiment (covered by
this document) are unfueled solids and the production ef
radioactive liquids and gases is expected to be negligible.
On this basis a handling accident which could result in
gerious injury or damage is not expected.

3.2.6 Instrument Failure

As far as possible, all measuring devices will be
"fail safe", so that upon the most probable mode of failure,
the indication will be that which is least desirable. In
addition, any measuring device whose output might call for
a reactor shutdown will be provided with a "backup".
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3.2.7 Control System Failure

As in the case of measuring devices, all control
elerments will be as "fail safe" as possible. Regardless
of this, the worst situation a control system malfunction
could produce is considered to be a "Loss of Helium Flow"
either by compressor shutdown or valve closure.

3.2.8 Chemical Reactions

All naterials involved in both the test specimens
and the loop components are inert chemically in the en-
vironment, to which they will be exposed.

3.2.9 Boiling

The possibility of boiling the cooling water in HT-1
has been considered and is discussed below.

3.2.9.1 Normal Operating Conditions

The outlet temperature of the cooling
water in HT-1 will be substantially less than the
the saturation temperature at the minimum outlet
pressure, This is because the total amount of heat
generated in the outer capsule wall and the HT-1
wall (taken at a 12 w/gm gamma heating rate throughout)
is considerally less than the heat dump capacity of
the 5C gpm cooling water flow. The surface temperature
of the capsule will be somewhat less than 250°F.
Consequently, neither saturated nor subcooled boiling
of the cooling water can occur under normal operating
conditions.

3.2.9.2 loss of HT-1 Cooling Water Flow

A loss of cooling water flow could conceivably
occur as a result of a blockage of the radial gap
between the capsule and through tube walls or an inad-
vertent closing of the valve in the HT-1 inlet line.

This would result in a subcooled nucleate boiling regime.
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A reactor power reduction will prevent
boiling under these circumstances. Power reduction
will be initiated by signals from water flow and
Fressure sensors. Hence, no unstable reactor
condition due to void formation could resulit from a
loss of cooling flow.

3.2.9.3 Loss of HT-1 Cooling Water

A loss of coolant from HT-1 or from the
portions of the coolant inlet and outlet lines
between HT-1 and the isolation valves in the l.nes
could occur. Depending on the location of the
rupture, the result would be similar to a loss of
coolant fiow, covered above, (inlet line rupture with
check valve in outlet line preventing backflow) or
would constitute a condition of increased flow past
the capsule (outlet line or capsule seal failure).
A decrease in the water pressure, tending to reduce
the time te¢ initiation of boiling, would occur in
either case. However, in the latter case, the
increased flow past the capsule and the power reduction
caused by the low flow alarm would preclude the possi-
bility of boiling the coolant (the flow meter initiating
the low flow alarm is located downstream of “he check
valve, thus protecting against loss of coolant as wall
as loss of flow incidents).



3.2.0 Capsule Failure

‘While the capsule is im the through ‘tube, capsule
fPai e may occur from either the external pressure -of
e covllant water (160 psi) or the imternal pressure of
the relium system.

3.2.i0.1 External Shell

Failure of the extermal shell wili -expose
‘the inner shell (helium envelops) ho excessive
external pressurs, probably «causing it 'to collapsee
in some unpredictable fashion. This mey sesult dn
partisl or .complete btlockage of conlamt flow; but
this should not cause excessive temperatures to
develop, particularly since a reactor shutdown will
take place. Improved heat ‘tramsfer conditions will
cxist due to filling of the capsule with water.

The reactivity effect of flooding the
capsule void must also be considered. From the
calculations of similar flooding situations presented
in the PBRF Final Hazards Summary, it is expected
that this effect will be small and controllable;
however, measurements of flooding effect will be made
before experiment operation.

dnother result of this failure would be
the possibility of the passage of radioactive primary
ccolant water up the annular vacuum spaces in the
coolant lines, and possibly the coolant passages
themselves. Thies could prvduce excessive rediation
levels in occupied areas. However, the dose rates due
to this occurrence should be such that standard
radiation monitoring; and evacuation procedures will
prevent overexposures.

3.2,10.2 Inner Shell (Helium Envelope)

Failure of this shell will flood the vacuum
insulating space with low temperature helium, chilling
the external shell and possibly producing some water
freezing on its outside surface. However, any ice
formation should be small and of very short duration,
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since the maximum heat removal capacity of tle
system at SQPF is approximately 200 KW, whereas
the heat availsb.e trom through tube cooling
water, if gooled teo 32 'F, will be approximately
1000 Kw.

The failure of the helium envelope
should not jeopardise ihe external shell structural
qualities, since the latter is designed for (and
subjected to) 160 pgi external) pressure and will
withstand the approximate 115 psi internal pressure
of the helium system,

3.2.1). Reactor Excursion

A reactor excursion of 10 milliseconds as described in
the PBRF Final Hazards Summary is ,alculated to produce a maximum
tempsrature increase in the capsule of 26°F, This rise in
temperature should not cause any failures in .he experiment.
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FIUID UTILITY REAIREMENYS

Mility Use Flov Rate
Ll’rhnry Water Bean Eole Cooling 50 (grm)
Secondary Water Loop Heat Removal 20 (gpem)
Service Air Inst. and Control 10 (£t7 /mtn)’

TABLE II



ELECTRICAL POWER REQUIREMENTS

Type of Power Use Power (KW)
4,160 ¥ 60~ 3«/) Loop Compressor 1000
Fmergency Powar Instrumentation and Controi 25
LSV 013 Devices
120 vV 60~19 Instrumentation and Control 25

Devices
TABLE III

THROSR AT g~ 4
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NASA - Plum Brook Reactor Faeility Hazard Sumewry Report, Lewis
Research Lenter - Staff, Parts I, II, III, 12/62.

WANL-TME=-1]3, Preliminary Proposai to PBRF for NERVA Radiation
Effects Program, 8/30/62.

WANL~TME-1L), Preliminary Proposal to PBRF for the NERVA
Radiation Effects Program, 8/13/62.

WANL-PL-066, Proposal for ihe Utiligation of PBRF for the NERVA
Radiation Effects Program, 11/20/62.

WANL-TME-201, Request for Irradiation at PBRF, S. 3. Stein,
11/13/62.
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